Background-The passage of hard stools is significantly more common in formula fed infants than breast fed infants and this might be the result of diVerences in fat absorption between breast and formula fed infants. Experimental studies indicate that long chain polyunsaturated fatty acids (LCPUFAs) might influence fat hydrolysis and absorption. Aim-To investigate the relation of LCPUFA supplementation to stool frequency and consistency during the first 4 months of life. Design-Double blind, randomised, controlled study of 88 healthy infants. Results-1905 stools (858 from LCPUFA supplemented infants, 1047 nonsupplemented infants) were examined. The mean (SEM) number of stools passed for each three day study period was significantly less in the LCPUFA group (5.5 (0.3) v 6.2 (0.2); p < 0.05). In both groups, there was a significant reduction in the number of stools passed with age (p < 0.001). During the first 3 months, the mean (SEM) percentage of hard stools passed by infants in the LCPUFA supplemented group was 7.7 (2.1) compared with 19.2 (2.8) for unsupplemented infants (p = 0.001). Conclusion-The prevalence of hard stools is significantly reduced in infants fed a formula that is supplemented with LCPUFAs. (Arch Dis Child 1999;81:253-256) 
During infancy the passage of hard stools can cause considerable distress to both infants and parents. 1 2 Stool hardness in infancy is related to the calcium soap content of the stool, 3 and soaps are formed when residual free fatty acids, especially saturated fats, precipitate with calcium in the intestinal lumen. 4 5 Hard stools are more prevalent in formula fed infants, 6 7 and it has been suggested that this is because of diVerences in fat digestion and absorption between breast and formula fed infants. 3 The more eYcient digestion of fat by breast fed infants is thought to be the result of the presence of bile salt stimulated lipase in breast milk, 8 and also the fact that the chemical structure of breast milk triacylglycerol is more favourable to fat hydrolysis. [9] [10] [11] However, recent experimental studies have indicated that long chain fatty acids may play an important role in fat hydrolysis and absorption. 12 13 The eVect of these long chain fatty acids is related directly to the length of the carbon chain and the degree of unsaturation. 12 Long chain polyunsaturated fatty acids (LCPUFAs) are present in breast milk, 14 but until recently were not available in artificial formulas. 15 Recent data from fat balance studies undertaken on infants randomised to either a formula supplemented with LCPUFAs or to an unsupplemented, but otherwise similar formula, showed that total fat absorption and the absorption of saturated fatty acids were increased in the LCPUFA supplemented group. 16 It was also noted during the three day stool collection that the stools of the supplemented infants were softer than those of the unsupplemented infants. Therefore, the exclusion of LCPUFAs from formula milks may negatively influence fat hydrolysis, increase calcium soap formation, and increase stool hardness in formula fed infants.
This hypothesis has been investigated during a clinical tolerance study of an LCPUFA supplemented term formula (before its use in the investigation of the association between LCPUFA supplementation and cognitive development), and a primary objective of the double blind, randomised tolerance study was to investigate the relation of LCPUFA supplementation to stool frequency and consistency during the first 4 months of life.
Subjects and methods
Pregnant women were informed of the study after they had indicated their intention to midwifery staV that they wished to formula feed. We only recruited infants with a birth weight between 2500 and 4000 g and gestation between 37 and 42 weeks into our study. Infants were randomised to receive a formula that contained LCPUFAs or a formula that was unsupplemented but otherwise similar. Table 1 gives the fatty acid composition of the "ready to feed" formulas. The LCPUFA source for the supplement was egg yolk, with ∼ 70% of LCPUFAs being esters of phospholipids. The infants began feeding on the formulas immediately after delivery and the mothers received a regular supply for 4 months. Throughout our study period, mothers and researchers were blind to the type of formula the infants received.
At the age of 1, 2, 3, and 4 months a three day record of milk intake and stool pattern was recorded. The volume of formula milk was calculated by measuring all residual volumes of milk from the feeds consumed during these periods. The stool frequency and consistency were recorded during the three day periods by the mothers using standard data sheets and colour photographs of five categories of stool-watery, seedy, soft, formed, and hard. 6 7 16 At each three day study period, the growth of the infants was assessed by the measurement of head circumference, length, weight, subscapular skinfold thickness, and mid-arm circumference.
DiVerences in outcomes between the groups were analysed using the Mann-Whitney U test. The study was approved by the Tayside committee on medical research ethics.
Results
Eighty eight infants were recruited to the study, 41 randomised to the LCPUFA supplemented group and 47 to the unsupplemented group. Sixty nine infants completed all four stool studies and 83 completed three stool studies. There were no significant diVerences in sex, gestation, social class, or growth parameters at birth between the two feeding groups (table 2) . The milk intakes and the growth parameters at 1, 2, 3, and 4 months did not diVer between the two study groups (data not presented). Examination of 1905 stools (858 from LCPUFA supplemented infants, 1047 from nonsupplemented infants) was undertaken. The mean (SEM) number of stools passed for each three day study period was significantly less in the LCPUFA supplemented group (5.5 (0.3) v 6.2 (0.2); p < 0.05). In both groups, there was a significant reduction in the number of stools passed with age (p < 0.001). For the analysis of the consistency of the stools, the data were grouped into two categories: (1) hard, summation of stools classified from the charts as hard or formed; and (2) soft, summation of stools classifies as soft, seedy, and watery. During the first 3 months there were significantly fewer hard stools in the LCPUFA formula group compared with the unsupplemented group (table 3) . During this period, the mean (SEM) percentage of hard stools passed by infants in the LCPUFA supplemented group was 7.7 (2.1) compared with 19.2 (2.8) for unsupplemented infants (p = 0.001).
Discussion
In our study of term infants, the pattern of decreasing stool frequency during the first 4 months of life was similar to previously reported data 6 7 ; however, the randomisation of LCPUFA supplemented and nonsupplemented formulas showed that infants who received LCPUFA passed fewer stools each day and had fewer hard stools compared with infants who received the unsupplemented but otherwise identical formula. These diVerences existed during the first 3 months of life when most infants had not yet started eating solid foods.
The study groups consisted of full term healthy infants with no notable medical problems. The randomised design of the study ensured that there were no clinical, demographic, social, or anthropometric diVerences between the two study groups at birth. In addition, milk intakes were measured at monthly intervals during the first 4 months of life and the intakes did not diVer at any time between groups. Data on solid feeding were not specifically recorded and it is assumed that with the randomised design of the study, the introduction of solid foods was similar for the two groups. Throughout the study, parents and investigators were blind to the formulas allocated to each infant, thus reducing the possibility of bias.
The use of photographs to classify stool hardness has been used successfully in previous studies, 6 7 16 and it has been reported that visual stool hardness correlates well with calcium soap formation. 3 Calcium soaps are formed when residual saturated fatty acids precipitate with calcium in the intestinal lumen, [3] [4] [5] and the increased prevalence of hard stools in formula fed infants is thought to reflect less eYcient absorption of fat in formula fed infants compared with infants receiving breast milk. 3 Breast fed infants have more eYcient fat absorption because of the availability of bile salt stimulated lipase in maternal milk, 8 and also because the chemical structure of triacylglycerol in breast milk is thought to be more favourable to fat digestion and absorption. [9] [10] [11] In our study of formula fed infants, neither group was a recipient of bile salt stimulated lipase, and the triacylglycerol configuration did not diVer significantly between the supplemented and non-supplemented formulas. There was a minor variation in C14:0 and C16:0 between the two study formulas, but if the marginal increase in saturated fats in the supplemented formula was important, the expected eVect would have been an increase in prevalence of hard stools in the supplemented infants.
The mechanism underlying the passage of fewer hard stools in LCPUFA supplemented infants remains speculative. A simple explanation may be that the LCPUFA supplement, which is predominantly in the form of phospholipids, is exerting its eVect through its emulsifying properties. 17 The eVects may also be related to the fatty acid composition of the enterocyte membrane being altered by LCPUFA supplementation, and animal studies have shown that polyunsaturated fatty acid enriched diets are associated with increased water, electrolyte, and lipid absorption. 18 Alternatively, LCPUFAs may have a more specific role in intestinal fat hydrolysis. Animal studies have shown that long chain fatty acids released from triacylglycerols by the action of preduodenal lipase, 12 or from phospholipids by pancreatic phospholipase A 2 , might influence the binding of pancreatic colipase dependent lipase to the fat globule membrane. The enforced binding that is achieved with long chain fatty acid acting as a cofactor enables the enzyme to penetrate the fat globule membrane and hydrolyse the core triacylglycerol of the fat globule. Experimental evidence indicates that the binding activity of colipase dependent lipase is related directly to the length of the carbon chain and the degree of unsaturation of available fatty acids. 12 Breast milk contains LCPUFAs 14 ; however, until recently formula milks have been devoid of the longer chain polyunsaturated fatty acids. 15 Therefore, the relative deficiency of LCPUFAs in formula milks might be associated with a reduction of pancreatic colipase dependent lipase binding activity and fat hydrolysis. In our study, the LCPUFA source for the formula supplement was egg yolk, with ∼ 70% of LCPUFA being esters of phospholipids, whereas in breast milk the LCPUFAs are predominantly in the triacylglycerol fraction. This variation in source of LCPUFAs is unlikely to alter the interpretation of our results because the hydrolysis and absorption of LCPUFAs bound to phospholipids is similar to that of triacylglycerol derived LCPUFAs. 19 Recent human clinical studies have provided evidence indicating that LCPUFA supplementation influences fat absorption and stool consistency.
14 Fat balance studies on 10 day old term infants who received similar trial formulas to those used in our study, demonstrated increased fat absorption in the LCPUFA supplemented group, and in particular there was increased absorption of the saturated fatty acids C14:0, C16:0, and C18:0.
14 In that study, it was also noted that during the three day balance studies the supplemented infants had softer stools. The stool charts were identical to those used in our study and the frequency of hard stools in their study groups was comparable with our data (4% in supplemented and 25.7% in unsupplemented infants).
Constipation is a common problem in childhood, accounting for 3% of paediatric outpatient visits and 16% of referrals to a specialist gastroenterology clinic. 20 21 Although an organic cause is rarely found, the condition can be long lasting. 21 It has been reported that a history of painful defecation frequently precedes chronic faecal impaction, and that early treatment of painful defecation in infancy might reduce the incidence of chronic constipation in school age children. 2 During infancy, the painful passage of hard stools is a problem that is almost exclusive to formula fed infants, and evidence from this study indicates that the prevalence of hard stools is significantly reduced in infants fed a formula that is supplemented with LCPUFAs.
